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were demonstrated. Explanations for the limited associations can be
the usage of global and summated scores for pain and structural
abnormalities, and not taking into account patients effects in earlier
studies.
The objective of the present study was to investigate the association
between structural abnormalities and pain. To prevent the above
mentioned potential limitations associations were analysed at patient
level and at individual joint level using both US and CR taking in account
patient effects.
Methods: In consecutive patients, fullﬁlling the ACR criteria for HOA and
at least 45 years of age, hand pain was assessed by VAS and AUSCAN
pain. During physical examination 1st CMCJs, 1st IPJs, MCPJs, PIPJs and
DIPJs from both hands were examined for pain upon palpation.With US
all hand joints were scored for osteophytes, PDS, effusion and synovial
thickening (0–3). Radiographs of both hands were scored for osteophytes
(0–3) and JSN (0–3), following the OARSI atlas.
With linear regression analysis, summated scores of osteophytes or JSN
were associated with clinical features adjusting for age, sex, body mass
index (BMI) and inﬂammatory US features.
Generalized estimated equations (GEE) were used to study the
relationship of structural abnormalities with pain on joint level, thus
taking into account patient effects. Relative risks were presented as odds
ratios (OR) with 95% conﬁdence intervals (95%CI). Adjustments were
made for confounders.
Results: Of 55 patients (mean age 61 years, 86% female) 1649 joints were
studied: 69% had osteophytes on US and 46% on CR. JSN occurred in 47%.
Structural abnormalities summated scores assessed on US or CR showed
no association with AUSCAN pain, VAS pain or DI of the hands.
On joint level, both osteophytes showed strong dose-dependent
associations with pain after adjustment for age, sex and BMI: osteophytes
(grade 3): OR (95%CI): 6.2 (4.0–9.4)(US) and 4.8 (2.7–8.4)(CR). After
adjustments for inﬂammatory US features and JSN the OR for US was 4.8
(3.1–7.5) and for CR of 4.1 (2.4–7.1)
JSN as well demonstrated strong dose-dependent associations with pain
per joint: OR JSN (grade 3): 6.4 (2.7–14.8). After further adjustments for
inﬂammatory US features and osteophytes: OR 4.2 (2.0–4.0). This means
that both osteophytes and JSN are independently related to pain in HOA
Conclusions: Strong, dose-dependent associations were found between
structural OA abnormalities and pain in separate hand joints studied
by both US and CR. However, analyses must be performed on joint
level taking into account patient’s effects, or associations can be missed.
Associations were found independently not only for osteophytes, but
also for JSN, which is a new ﬁnding in HOA. In summary, these ﬁndings
are important for our understanding of HOA and for elucidating the
aetiology of pain.
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COMPARISON OF NORMAL ARTICULAR CARTILAGE IMAGES ASSESSED
BY HIGH FREQUENCY ULTRASOUND MICROSCOPE AND SCANNING
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Purpose: Ultrasonography is a non-invasive and inexpensive method
widely accepted in daily clinical use. However, the resolution of ordinary
equipment for evaluating the articular cartilage is not sufﬁcient to
supersede a histological examination. The purpose of this study was
to compare images of a newly developed high frequency ultrasound
imaging system (HFUIS) and scanning acoustic microscope (SAM), and
to calculate their Pearson product moment correlations in the point of
applying HFUIS for clinical use.
Methods: Animals: Six adult male Sprague-Dawley rats (16 weeks) were
used in this study. The capsule of the knee was cut with a surgical
knife and the joint was opened after administration of an overdose of
sodium pentobarbital. After the ligaments and meniscus were resected,
a cartilage-bone complex (3.8mm in diameter) was obtained from the
medial midcondylar region of the tibia with a cylindrical bar.
HFUIS: An electric impulse is generated by a high speed switching
semiconductor. The electric pulse is used to excite a PVDF transducer
with a central frequency of 120 MHz and a focal length of 3.2mm.
HFUIS has three measurement modes (1.conventional C-mode acoustic
microscope imaging of excised, thinly sliced tissue, 2. ultrasound
impedance imaging of the surface of the tissue and 3. 3D ultrasound
imaging visualizing the inside of tissue). A 3-D high frequency ultrasound
microscope can make conventional C and B-mode images and make 3-D
images reconstructed from B-mode images. Intensity was normalized by
the reﬂection from a steel plate at the same distance.
SAM: The reﬂections from the tissue surface and from the interface
between the tissue and the glass are received by the same transducer. The
central frequency is 80 MHz. Frequency domain analysis of the reﬂection
enables the separation of these two components and the calculation of
the sound speed, tissue thickness and intensity by Fourier-transforming
the waveform.
Tissue preparation: The specimens were immediately immersed in saline
at room temperature before scanning with HFUIS. After the scanning,
the specimens were immersed in 4% PFA in 0.1 M PBS. The ﬁxed
specimens were then decalciﬁed and embedded in parafﬁn. The tissue
was cut into 5-mm sagittal sections from the medial to the lateral
side of the joint. After deparafﬁnization, the sections were assessed by
SAM. The hematoxylin and eosin-stained sections were used to ensure
morphological congruence in the analysis.
Image analysis: Relative intensity by HFUIS and the sound speed of the
articular cartilage by SAM are calculated with gray scale images using
commercially available image analysis software (PhotoShop CS2, Adobe
Systems Inc., San Jose, CA). The articular cartilage is divided into three
layers (superﬁcial, middle and deep layers) and analyzed independently.
We divided the articular cartilage, from the surface to the margin of
the high intensity areas (subchondral bone) in HFUIS and high sound
speed areas (subchondral bone) in SAM, into ﬁve areas. We deﬁned the
one-ﬁfth from the surface as superﬁcial layers and the rest as middle
layers, and the average intensity by HFUIS and the sound speed by SAM
were analyzed and their Pearson product moment correlations were
calculated independently.
Results: The superﬁcial and deep layers indicated high relative intensity,
while the middle layer was inhomogeneous relative intensity by HFUIS.
A high relative intensity by HFUIS and high sound speed area by SAM
had strong correlations (Pearson product moment correlation, superﬁcial
layer: 0.704, middle layer: 0.731, deep layer: 0.258).
Conclusions: HFUIS made high resolution images of the articular
cartilage and its intensity was strongly correlated with sound speed
by SAM.
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Purpose: High hip bone mineral density (BMD) has been recognized as a
potential risk factor for incident knee osteoarthritis (OA) but the relation
between hip BMD and knee OA progression remains unclear. If hip BMD
inﬂuences OA progression then the greatest inﬂuence may be on a bone-
related OA lesion. Subschondral bone marrow lesions (BMLs), common
OA-related magnetic resonance imaging (MRI) ﬁndings, can get larger
and smaller over time and are associated with OA progression. No study
has evaluated the relationship between hip BMD and knee BML size.
Therefore, the purpose of this study was to evaluate the cross-sectional
and longitudinal associations between hip (total hip and femoral neck)
BMD and knee BML size.
Methods: The sample comprised 103 OA knees (Kellgren-Lawrence Grade
[KLG] greater than or equal to 2) from participants in a randomized-
clinical trial of vitamin D who had sagittal and coronal intermediate-
weighted fat-suppressed (IW FS) 1.5-tesla MRIs and dual-energy x-ray
absorptiometry (DXA) scans at baseline and 2-years. The IW FS sequences
had a time to recovery (TR) of 2950ms, time to echo (TE) of 31ms, slice
thickness of 3mm, space thickness of 0.5mm, and ﬁeld of view (FOV)
of 140mm. We deﬁned BMLs as regions of high-signal intensity on IW
FS images located within 1.0 cm of hyaline cartilage and present on 2 or
more sagittal or coronal images and classiﬁed them within 4 regions:
index femur, index tibia, nonindex femur, and nonindex tibia. Two
rheumatologists deﬁned the index compartment as the compartment
(medial or lateral) with greater pathology based on radiograph and MRI
ﬁndings. We measured the maximal anterior-posterior, medial-lateral,
and vertical dimensions of each BML. Their product represented the
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approximate volume of each BML (intra-tester intraclass correlation =
0.96). When multiple BMLs were present in a region their volumes
were summed to calculate regional volume. Total knee BML size was
calculated by summing all of the BML volumes in a knee. Total hip
and femoral neck BMD were assessed with DXAs obtained with a GE
Lunar Prodigy Advance Bone Densitometry scanner. We assessed cross-
sectional and longitudinal correlations between BMD and BML size using
Spearman rank correlation coefﬁcients. Fisher’s z transformations were
used to determine 95% conﬁdence intervals for correlation coefﬁcients.
All analyses were performed in SAS 9.2 and statistically signiﬁcant
correlations were deﬁned by p ≤ 0.05.
Results: Participants were 63.4±8.6 years of age, body mass index
29.8±5.3 kg/m2, 64% female, and had deﬁnite radiographic knee OA (52%
KLG = 2, 30% KLG = 3, and 17% KLG = 4). Baseline total hip and femoral
neck BMD was not correlated to baseline BML size or longitudinal change
(see table). Longitudinal change in total hip and femoral neck BMD was
not associated with longitudinal changes in BML size (r = −0.11 to −0.03).
Conclusions: Among patients with knee OA, hip BMD was not related
to knee BML size. These ﬁndings support a recent epidemiological
study that reported no association between femoral neck BMD and JSN
progression among patients with knee OA.
Table: Spearman correlations (95% CI) between baseline total hip &
femoral neck BMD as well as knee BMLs
BML size Baseline
Total hip BMD Femoral neck BMD
Baseline
Total Knee (n =104) 0.05 (−0.14 to 0.24) 0.08 (−0.12 to 0.27)
Index Femur (n =73) 0.07 (−0.16 to 0.30) 0.11 (−0.13 to 0.33)
Index Tibia (n = 74) 0.15 (−0.08 to 0.37) 0.23 (0.00 to 0.44)
24-month Change
Total Knee (n =104) 0.01 (−0.18 to 0.21) -0.05 (−0.24 to 0.15)
Index Femur (n =79) 0.13 (−0.10 to 0.34) 0.11 (−0.11 to 0.32)
Index Tibia (n = 76) 0.01 (−0.22 to 0.23) -0.03 (−0.26 to 0.20)
CI = Conﬁdence Interval, BMD = bone mineral density, BMLs = bone
marrow lesions.
No correlation coefﬁcients were statistically signiﬁcant (p > 0.05).
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ASSOCIATED WITH CLINICAL PROGRESSION DURING FOUR-YEAR
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Purpose: The inconsistent association between radiographic and clinical
features of OA hampers deﬁnition, diagnosis, and evaluation of
progression. Separate quantitative radiographic features of OA might
be associated with clinical progression of disease. In clinical practice
progression of clinical and radiographic features will be determined
by comparison with clinical and radiographic features at the previous
visit. Objective of the present study is to evaluate whether separate
quantitative radiographic features at baseline are associated with clinical
progression during four-year follow-up in a cohort of participants with
early knee OA.
Methods: From the early OA study Cohort Hip & Cohort Knee (CHECK),
participants with knee pain only were selected. Clinical progression
was evaluated by use of the pain and function scale of the WOMAC
index (0–100 scale; 100 is worst). To account for variation the baseline
WOMAC score was calculated as the mean of the ﬁrst two years (0
and 1) and compared to follow-up score, calculated as the mean of
the last two years (3 and 4). Clinical progression was classiﬁed by the
quintile approach (proposed by Sharma) as ‘good’ (move to lower quintile
or remain in lowest two quintiles) or ‘poor’ (move to higher quintile or
remain in highest three quintiles) outcome. Standardized posteroanterior
semiﬂexed knee radiographs were evaluated with Knee Images Digital
Analysis (KIDA) for quantitative measurement of JSW, osteophyte area
(OPA) and bone density (BD) in the lateral and medial compartment
of femur and tibia. Using logistic regression it was evaluated which
KIDA parameters at baseline were associated with clinical progression,
in addition to baseline WOMAC score and patient characteristics.
Results: Of 266 participants the baseline mean WOMAC pain score
was 21 and 23 for ‘good’ and ‘poor’ outcome respectively, and mean
function score was 18 and 23 for ‘good’ and ‘poor’ outcome. In the ‘poor’
outcome group, pain and function values increased to 30 at follow-up.
OPA at the lateral and medial compartment were signiﬁcantly (p = 0.003
and p=0.010) associated with WOMAC pain outcome, in addition to
baseline pain and patient characteristics. Predicted probability (mean
± SD [range]) for ‘poor’ pain outcome was 0.53±0.15 [0.17–0.92]. For
WOMAC function outcome a signiﬁcant association was found for JSW
minimum, OPA lateral, and OPA medial (p = 0.028, 0.002, and 0.004)
in addition to baseline characteristics. Predicted probability for ‘poor’
function outcome was 0.56±0.17 [0.15–0.95]. In contrast, the commonly
used KLG was not statistically signiﬁcantly associated with pain and
function outcome.
Conclusion: In individuals with early complaints of knee OA, pain and
function scores are relatively low at baseline, and are slightly increased
at follow-up in the ‘poor’ outcome groups. Separate quantitative
radiographic features measured by KIDA at baseline are statistically
signiﬁcantly (although weakly) associated with clinical progression of
pain and functional limitations during four-year follow-up in a cohort of
participants with early knee OA, an association not found with KLG.
Sponsor: CHECK is funded by the Dutch Arthritis Association.
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Univ. of California, San Francisco, CA, USA
Purpose: Recent studies suggest that moderate physical exercise may
beneﬁt knee articular cartilage. However, high-impact sports have
been identiﬁed as a biomechanical risk factor for developing knee
OA. Thus the purpose of this study was to measure the short-term
change in composition of knee cartilage of young healthy subjects
immediately after 30 minutes of running using magnetic resonance (MR)
relaxation times (T1rho and T2). We hypothesized that running leads to
reduction in the water content of the articular cartilage and alters the
water/collagen/proteoglycan ratio of the cartilage, which will be reﬂected
in shorter T1rho and T2 values than the baseline.
Methods: 10 healthy volunteers (5 males, 5 females, age: 20–35 years
(mean: 28.3 years), BMI: 20–25kg/m2 (mean: 22.5 Kg/m2), no knee
pain/stiffness, no prior knee trauma/surgery, and no joint disorders were
recruited. They were instructed not to deviate from their typical physical
activity level on the day prior to examination. The pre-run images were
acquired after a 30-mins rest (to reduce the inﬂuence of preceding
physical activities). Then subjects were instructed to run on a treadmill
for 30 minutes (speed was recorded but not controlled). Immediately
after completion of running, post-run images were acquired. All imaging
was performed with a 3T GE MR scanner and the protocol included
sagittal 2D intermediate-weighted fast spin echo images to evaluate
cartilage morphology, sagittal 3D fat-suppressed spoiled gradient-echo
(SPGR) images to segment cartilage, and 3D sagittal T1rho- and T2-
weighted images to quantify T1rho and T2. Six compartments of knee
(medial and lateral femoral condyle (MFC and LFC), tibial plateau (MTP
and LTP), patella (PAT), and trochlea (TRO)) were segmented using an
in-house spline-based segmentation software. The segmented cartilage
contours were superimposed on the corresponding T1rho and T2 maps
to measure relaxation times. Paired samples t-tests were performed to
determine whether articular cartilage MR relaxation times immediately
after running were signiﬁcantly (p < 0.05) different from the baseline.
Results: Collated data shows signiﬁcant decrease in T1rho (10.1±7.2%,
P < 0.0001) and T2 (6.9±6.1%, P < 0.0001) times of articular cartilage
after running. All compartments showed signiﬁcant reduction in T1rho
values ranging from 7.7% to 13.8%; the MTP showed the largest
reduction (13.75±7.1%) followed by TRO (12.6±7.6%) and PAT (11.7±8.4%)
compartments. When analyzing the effect of running on T2, all
compartments except LFC showed signiﬁcant reduction (range: 4.4% to
10.5%). When data were grouped based on gender, average change in
